INTRODUCTION
Pt 3 Ti is an intermeta1lic compound· which can be considered representative of a class of compounds (Engel-Brewer type) (1) characterized by a highly negative enthalpy of formation, which have been object of intensive study for their catalytic properties in the reduction of oxygen to water in fuel cells (2) . The adsorptive properties of an intermetallic compound of this type are of interest because the strength of the intermetallic bond is likely to favor the formation of a well-ordered surface where enrichment phenomena are expected to play a minor role (3, 4, 5) . In such a surface, the chemisorptive properties may be modified by effects due to either the dilution of the active atoms in the bimetallic surface (ensemble effects) or by modifications of the electronic properties of the atoms due to the i ntermetall i c bond ( 1 i gand effects). Another important point relative to this type of surface lies in its relation with 11 SMSI 11 type systems (6,7}. In these systems the adsorptive properties of the active metal are strongly modified by the interaction with the support.
It is possible that an intermetallic bond plays a fundamental role in SMSI and the formation of a compound such as Pt 3 Ti was initially suggested as a possible explanation for SMSI properties (7) . Although there is an accumulation of evidence implicating TiOx overlayer formation as the key phenomenon in SMSI (8, 9 ,10}, a study of the adsorptive properties of the Pt 3 Ti surface may sti 11 furnish information on the role of the intermetallic bond in modifying the adsorptive properties of each metal and on the possible relationship of SMSI-type systems to binary "Engel-Brewer" type alloys.
In the present study, we used the surface techniques of AES, XPS and LEED to characterize the structure and composition of the alloy surface. TDS was the main tool used to investigate the adsorption properties of CO and H 2 • The LEED analysis of the structures of Pt 3 Ti(lll) and (100) surfaces is published elsewhere (11, 12) , and preliminary results for CO and H 2 adsorption on polycrystalline Pt 3 Ti appeared in a previous communication (13) . In the present paper we summarize and discuss all the results obtained in this study both on brazed on tantalum foil. Tantalum wires were spotwelded on this foil to support the sample and to anneal it by resistive heating. The sample temperature was measured by means of a chromel-alumel thermocouple spotwelded on the tantalum foil. Two·different UHV systems were used for the present study. One was equipped with LEED, a single pass CMA with glancing electron gun for AES and quadrupole mass spectrometer for TDS. This system was also equipped with an electron beam evaporator located in a separate chamber. This evaporator was used to coat the sample surface with a Pt film in order to compare the properties of pure Pt and Pt 3 Ti in the same experimental conditions.
Films of titanium, deposited by means of a Ta-Ti alloy filament, were used for the same purposes of comparison.
The second vacuum chamber was equipped with a·MgK X-ray source and Cl a hemispherical analyzer with multichannel counting capability (15) .
TDS spectra could also be recorded by means of a quadrupole mass spectrometer. In this chamber, a pure Pt(lll) sample was used to compare the properties of pure Pt with those of Pt 3 Ti(ll1).
Due to the different experimental set-up, different annealing rates were used for TDS experiments. In the first vacuum chamber, a rate of 26 deg/sec was used for the Pt 3 Ti(lll) surface and higher rates for the (100) and polycrystalline surfaces. In the second chamber, a rate of 6 deg/sec was used for the same experiments. The TDS spectra were qualitatively reproducible from the same crystal in the two chambers. However, the CO TDS peaks from the same sample was consistently shifted towards higher temperature in the experiments performed with the higher heating rates. Simple calculations based on 4 the equations reported in {16) show that this difference is due solely to the difference in the heating rate.
RESULTS

Clean Surface Characterization
Most of the initial contamination present on the Pt 3 Ti surfaces upon introduction in the vacuum chamber could be removed by room temperature ion bombardment. It was not possible, however, to remove all the oxygen and carbon in this ·way. Further cleaning could be obtained annealing the sample in UHV conditions at temperatures higher than about 500 K, which resulted in the removal of oxygen apparently by reaction with surface carbon to form CO. Usually, after this treatment, only carbon remained on the surface. A further reduction of the carbon could be obtained by a high temperature treatment involving sequential oxygen dosing and thermal annealing. Oxygen dosing must be carefully controlled, since excessive treatment in oxygen can cause the formation of surface of surface titanium oxide and deplete the subsurface region of Ti. We succeeded eventually in obtaining an oxygen free surface with less than 5% monolayer contamination of carbon as determined by XPS and by AES (in the latter case using the calibration reported in (17) ).
In general, the ion bombardment Pt 3 Ti surface showed a much higher Ti/Pt signal ratio than the annealed one. This result can be interpreted in terms of preferential sputtering of Pt atoms. Using the model developed in (18) with the data for relative sputtering cross-sections reported in (19) , it can be shown that the bombarded surface composition does not correspond to the equilibrium, but it is 5 enriched in Ti as a result of the sputtering process. From this calculation it appears that the enrichment in platinum of the surface observed upon annealing after sputtering is simply the restoring of the equilibrium composition. appears higher than that for Pt 3 Ti(lll) as shown in Fig. 7 . This discrepancy is, however, to be attributed solely to the different heating rates, as discussed in the "Experimental" section.
The area under the CO TDS peak, after exposure at room temperature, was always smaller for the Pt 3 Ti surface than for the Pt surface, e.g. the ratio of the areas for the alloy and for the pure metal was ca. 0.5 for the (111) oriented surfaces. This value is smaller than expected if we assume that the coverage in terms of CO molecules per platinum atom (only CO on Pt sites desorb intact) is the same in Pt 3 Ti as in Pt. This discrepancy appears to be caused by geometric effects due to the dispersion of Ti atoms in the surface, as it will be discussed in detail in 4.2.
We found also that the surface titanium oxide formed upon exposure of the surface to 0 2 {21) could block the underlying metal surface to CO adsorption. If the Pt 3 Ti surface was only partly oxidized, CO desorption could still be detected. In these conditions, CO desorption was always accompanied by the formation of co 2 desorbing at higher temperatures ( Fig. 9) and by a partial reduction of the titanium oxide on the surface. No co 2 desorption could be detected if t~e surface was not previously oxidizedo Also C0 2 desorption was not detectable from oxidized Ti in absence of Pt (ioe. from an oxidized Ti foil).
Hydrogen
Hydrogen adsorption on all three types of surfaces studied was strongly dependent of the previous thermal treatment. On the (111) surface, saturation dosing with H 2 at room temperature after a moderate pre-annealing (T ca. 500 K) gave rise to an H 2 TDS spectrum shown in ..
is certainly insufficient to block a significant fraction of the Pt sites. Indeed.the presence of free Pt sites was verified by the observation that CO could still be reversibly adsorbed. Although the presence of free Ti sites cannot be considered certain, it appears evident that the lack of H 2 desorption from Pt sites on the Pt 3 Ti is not primarily caused by steric blocking.
4. DISCUSSION
Surface Structure
The first step in understanding the chemical properties of a bimetallic system is to determine the structure and composition of the outermost layer. As it is well-known, in most cases the surface composition of an alloy differs from that of the bulk. Several theoretical treatments can be applied to exothermic binary alloys in order to predict the surface composition. Van Santen and Sachtler (4) have developed a treatment based on the "broken bond" model for the Pt 3 Sn compound, whi .ch has the same Aucu 3 type structure as Pt 3
Ti.
Pt-Ti alloys of variable stoichiometry have been examined by Spencer (4) is that, below the critical temperature, the surface composition should be weakly dependent on temperature. and Pt 3 Ti(lOO) surfaces (Table 1 ).
CHEMISORPTION PROPERTIES
In general, the chemisorptive properties of a metal in a binary alloy change only slightly, or not at all, in comparison to the reactivity of the same metal in pure form. This rule is followed by many of the binary alloy surfaces studied so far (27, 29 Considering titanium first, it is known that hydrogen diffuses into the titanium bulk after adsorption and that the CO molecule dissociates, at least in part, on the titanium surface (30, 31) .
Titanium also reacts rapidly with oxygen forming a surface oxide (32).
All these results could be reproduced in our apparatus with Ti films.
Platinum has a more complex behavior. It is known that CO is molecularly bound to the Pt surface and it has been shown that the CO T9S spectrum depends strongly on the Pt surface morphology. The presence of defects on the surface affects the adsorption parameters (33) . In general, polycrystalline Pt gives rise to a double CO desorption peak (33, 34 In comparing the results relative to CO adsorption of the alloy and of pure Pt and Ti, it must be recognized that titanium in the alloy surface may behave like titanium metal and dissociation of CO at titanium sites is a possibility. From the XPS data, it is clear that CO dissociates on part of the Pt 3 Ti surface, with the proportionality consistent with the hypothesis that the dissociation occurs on titanium sites. This result is in keeping with the known properties of titanium metal and with previously observed reactivity of titanium sites in the Ni 3 Ti alloy surface {46}.
In general, modifications of the chemisorptive properties of metals in alloys can be attributed to two different factors: 1.) ensemble effects and 2.) ligand effects (27) (28) (29) . Ensemble effects are caused by the disappearance (or reduction in number) of specific (Fig. 8 ). It appears, therefore, that most aspects of the CO TDS spectra for the alloy surfaces can be explained by -purely geometrical "ensemble" effects.
Considerations based on pure ensemble type effects cannot, however, exp 1 ai n the shift of the CO TDS pe.ak temperature observed on Pt 3 Ti(lll) in comparison to Pt(lll). Assuming that this peak is produced by CO molecules desorbing only from Pt sites, the shift of the maximum of the peak for Pt 3 Ti(ll1) in comparison to Pt(lll) (Fig. 7) amounts to 50 degrees and corresponds to a lowering of the activation energy to desorption from platinum sites on the alloy surface. This energy can be estimated as 14% lower on the Pt 3 Ti(lll) surface assuming that the desorption process can be described by an energy, but since the temperature of th~ maximum in the CO TDS peak does not vary even for an equal coverage on the alloy and pure Pt (Fig.   7 ), it is a reasonable assumption that the CO-CO repulsion due to dipole-dipole effects is approximately the same on both surfaces. .. +Composition of outermost layer calculated from observed AES ratio. using the two-layer Gallon equation (26) assuming a pure Pt second layer . High resolution 0 ls XPS spectrum on the Pt3Ti(lll) surface after exposure to CO (a) and after CO thermal desorption (b).
Comparison of the 0 ls peak after exposure of the Pt3Ti(lll) surface at (a) 228 K and (b) 313 K.
Comparison of the TDS spectrum after saturation with CO of the Pt3Ti(lll) and of the Pt(lll) surface.
Comparison of the TDS spectra observed after saturation with CO of the three types of CO surfaces studied.
C02 thermal desorption after saturation with CO from (1) clean polycrystalline Pt3Ti and (2) partially oxidized polycrystalline Pt3Ti. Fig. 10 . a) Evolution of the H2 TDS spectrum for successive preannealing of the Pt3Ti(lOO) surface, curve 1: after preannealing at 623 K, curve 2: after pre-annealing at 973 K, curve 3: after pre-annealing at 1093 K. 
